Role of cortisol on the glycogenolytic effect of glucagon and on the glycogenic response to insulin in fetal hepatocyte culture.
The effects of insulin and glucagon on glycogen metabolism were studied in cultured fetal hepatocytes transplanted from 15-day-old fetuses. The effects of these hormones were examined just after transplantation, when the cells contained only minute amounts of glycogen, and during the 3 to 4 day culture period, when the hepatocytes were exposed to 10 muM cortisol and actively accumulated glycogen. At all stages of the culture, glucagon addition (10 nM) was followed by a rapid depletion of labeled glycogen, previously synthesized during a pulse labeling with [14C]glucose: this effect was mimicked by N6, O2'-dibutyryl adenosine 3':5'-monophosphate (dibutyryl cyclic AMP) (0.3 to 1 nM). Such a glycogenolytic effect of glucagon was observed even 6 hours after transplantation, i.e. at a time when cortisol was not present. In addition, glucagon clearly induced cyclic adenosine 3':5'-monosphosphate (cyclic AMP) accumulation in cells grown for 18 hours in the absence of cortisol. With cells grown for 3 days in the presence of cortisol, glucagon-dependent glycogenolysis was also obtained when cortisol was removed from the medium 20 hours before hormone addition. Thus the presence of cortisol is not necessary either to maintain a response to glucagon or for the onset of the glycogenolytic effect of glucagon. Insulin addition (10 nM) stimulated [14C]glucose incorporation into glycogen at all stages of the culture when grown in the presence of cortisol; no glycogenic response to insulin was observed 6 hours after transplantation where cortisol was not previously introduced. In addition, if the hepatocytes were grown in the presence of insulin alone (i.e. in the absence of cortisol) no significant storage of glycogen occurred. Maximal storage (or labeling) of glycogen was observed when hepatocytes were grown in the presence of both cortisol and insulin. The presence of cortisol was therefore necessary for the expression of the glycogenic effect of insulin. These data show that marked difference exist between the onset of developmental responses towards glucagon and insulin. The glucagon-dependent regulatory pathway should be present very early in fetal development and should not depend on cortisol. On the contrary, the onset of the insulin-dependent regulatory pathway seems to be induced during culture, and it is likely that this is caused by cortisol.